ABSTRACT
INTRODUCTION
This paper focuses on the instructional design process of an inquiry-based mathematics and science project for two grade nine classes. A collaborative team of three grade nine teachers, a university professor, and a scientist designed and implemented multi disciplinary, inquirybased units for the two classes. The design team used an iterative approach, incorporating feedback from students during the delivery of the unit.
Inquiry-based learning is generally recognized as being more authentic for students as it allows them the flexibility to make some of the decisions about their learning; an emphasis on inquiry also tends to promote critical thinking skills. As a result, students may have deeper, more relevant learning experiences when using this approach. The body of literature on inquiry-based learning in the secondary grades is growing, yet very few studies focus on inquiry in math and science. This study extends our understanding of inquiry in a secondary educational setting. Additionally, it adds a fresh perspective since the project uses experts in math and science to collaborate with classroom teachers in the design of the project.
Related Literature
The theoretical framework for this study is constructivism with a focus on inquir y-based learning. Rooted in QING LI ** By constructivism, inquiry-based learning promotes student learning "through guided and increasingly independent investigation of complex questions, problems, and issues, often for which there is no single answer". Knowledge is socially constructed and learning occurs in the involvement in communities of practice.
One of the major assumptions underlying constructivism is the idea that knowledge is not factual information just waiting to be discovered, but rather, it is a human product that is constructed based on each person's experience. As we all have different experiences, individual meaning may be quite different from the understanding that other people have created (Gordon, 2009; Meyer, 2008 ).
Related to this concept is the assumption that reality is a social construct, rather than an objective entity. Thus, there is no single truth that can be accepted by everyone. As reality is interpreted based on people's individual experiences, and is embedded in contextual factors such as culture, gender, age, and so on, we will never arrive at a universal understanding of reality (Gordon, 2009; Meyer, 2008; Cronje, 2006) . Another assumption of constructivism is that learning is a social process. People collaboratively create meaning and refine their understanding as they interact with others and with their learning environment (Gordon, 2009; Lin & Matthews, 2005; Phillips, 1995) .
According to Vygotsky (1962 , in Lin & Matthews, 2005 , learning occurs in a social context, with individuals arriving at personal meaning based on their own experiences.
Rooted in John Dewey's work, inquiry-based learning is "an approach to learning that involves a process of exploring the natural or material world, and that leads to asking questions, making discoveries, and rigorously testing those discoveries in the search for new understanding" (National Science Foundation, 2005, p. 2). Inquiry, according to Dewey, "is the only authentic means at our command for getting at the significance of our everyday experiences of the world in which we live" (1938, p. 111). Promoting learning from guided exploration of complex problems and issues via direct experience and inspiring their natural curiosity (Lee, 2004) , inquiry is also an essential skill for coping with the complexity of this information age and its many challenges such as information overload (National Science Foundation, 2005).
Although inquiry is not a new idea, it was not until the 1980s that people started to realize the value of inquiry-based learning. The current enthusiasm in inquiry has resulted in a flurry of research studies, each with its own definition and understanding of the term. Some studies focused on learning activities and others emphasized inquiry as a teaching technique. Regardless of the focus, it is commonly accepted that inquiry can embrace different approaches ranging from structured inquiry, to guided and open inquiry. Inquiry-based learning encourages collaborative learning, the use of examples that grow out of the students' own experiences, appreciation of diversity, and connecting with experts in the fields. In this paper, the authors define inquiry as "an approach to learning that involves a process of exploring the world, and that leads to asking questions, making discoveries, and rigorously testing those discoveries in the search for new understanding".
According to the Galileo Educational Network, several characteristics are generally presented in inquiry-based learning. Projects focus on authentic problems and issues that are relevant to students and to the real world. Students play a key role in defining the questions to be studied as well as the direction that learning takes. Learning is done through field work, design, construction, interviews, 
Results
Qualitative analysis was conducted from teacher interviews, student interviews, and researchers' journals. The emergent themes shed light on many facets of inquiry learning in math and science, as well as student and teacher roles.
Impact on Design
A focus on inquiry demanded that teachers be flexible with their planning. They had a starting point for the unit of study and a direction for students to guide their inquiry, but teachers also had to be ready to delve into areas that interested the students. This was necessary if students were going to take ownership of the learning.
The authors planned the whole unit, they sat and said these are the curriculum objectives that they are going to try to cover every week, but then it changes... because they didn't really know where they were going to go until they saw
where it was going with the kids, so that's the tricky part [M,
The flexibility with planning allowed the teachers to use formative assessment which helped them to determine next steps in designing the unit. With this information they were able to customize the learning to some extent for students who wanted to study it at a deeper level: Teachers identified a lack of resources as one of the challenges of implementing an inquiry-based approach in math and science. Since these subjects have not traditionally been taught in this way, the teachers had difficulty finding appropriate resources for the students.
They also voiced the frustration that very few of their peers took an inquiry-based approach in math and science, and therefore it was difficult to find other teachers who could provide support.
Having math/science experts on the team, therefore, helped the classroom teachers to make connections, within subject areas, among different disciplines, and between curricular topics and real life application. Such connections were enriching and often beyond the teachers' subject matter expertise. Further, the math/ science experts identified appropriate resources. Another theme that emerged from the data was that planning an inquiry-based unit required careful topic selection. The teachers asserted that the topic had to be broad, but carry weight. In order to hold student interest, it needed to be current, relevant, and authentic. They said they would do the same unit next year, if the topic was still current and they could bring something fresh to it: The teachers emphasized that current topic selection was critical to attracting student attention in that it connected learning to their own lives. The teachers wanted to maintain the same structure for the unit in future years, while focusing on different ideas that are predominant issues at the time.
Selecting a relevant topic for inquiry was more critical to them than conserving on preparation time by reusing a unit.
Because of the focus on inquiry-based learning, the design of the experiences had to reflect different roles for teachers and students than they were accustomed to in a traditional classroom. Students were no longer passive learners that follow prescribed routines and topics of study. Rather, they had to be more self-directed, formulating their own questions and doing research, and ultimately deciding where the unit would end up. In alignment with this approach, teachers also had to assume a different role in the classroom, providing a starting point and a guiding hand, while maintaining the flexibility to let students make decisions: Therefore, teachers had to be willing to give some control over to the students, letting them make some of the learning decisions.
The three teachers in the project concurred that this inquirybased, collaborative approach was critical to the students' success of making real-world connections with math and science learning. Students sometimes see math, in particular, as disconnected from the real world and have no practical application. The math/science experts were able to add relevance and richness, which increased interest in the subjects and allowed students to make multidisciplinary connections. One teacher noted that: Incorporating student feedback during the delivery of the unit allowed teachers to address student comments, especially negative comments or concerns that students had. As a result, the overall learning experience for students was strong and relevant.
Negative Results
There were a few issues that arose with this approach to design. One such issue was that the unit could not always be delivered in the ways that it was designed. Various constraints arose, forcing the teachers to make compromises. One of the largest constraints was time:
implementing an inquiry-based unit in math and science takes a lot of it. The teachers felt pressured to keep up a certain pace so that they covered the curriculum in a timely manner. The teachers also felt pressure from parents who were not accustomed to this learning approach: Another issue with using this approach was teacher workload issues. All three teachers stated that the planning process took more time; though the end result was worth it, the workload was definitely increased. In addition to meeting with the math/science and educational experts, the teachers themselves met frequently to discuss the unit's direction: There are a couple of limitations of the study worth noting.
First of all, the study was conducted at an all-girls' school.
Since this is a specific population, the authors do not know if the results would be comparable in a mixed-gender setting. Another limitation of the study is the climate of support. Administration in this school was very supportive of inquiry-based learning and teacher collaboration, encouraging teachers to plan together and meet with external experts. Teachers who are in a less supportive environment get different results from the study.
